INTRODUCTION
Species of the gobiid fish genus Gnatholepis are common benthic inhabitants of nearshore coral reef habitats throughout the tropical Pacific and western Atlantic. Gnatholepis individuals are usually small [adult size 25-40 mm standard length (SL)], pale with dark mottling and markings, and generally inconspicuous in their habitat. Gnatholepis is classified in the gobiid subfamily Gobionellinae and is unusual among gobionellines in that it inhabits marine reef environments; most gobionellines are found in fresh or brackish water. Gnatholepis is characterized by dorsal-fin counts of VI + I, 10-12, anal-fin counts of I, 11-12, pectoral fin ray counts of 14-19, a fused ventral pelvic disc, and a lower lip with ventral flaps on each side, giving them a distinctive, ventrally protuberant snout in anterior view. Gnatholepis shares with other gobionellines the presence of paired interorbital pores and a dorsal pterygiophore interdigitation formula of 3-12210 (Birdsong, Murdy & Pezold, 1988; Pezold, 1993; Randall & Greenfield, 2001) . In a recent preliminary review of Indo-Pacific species, Randall & Greenfield (2001) recognized five species, one with four subspecies (Table 1) , but indicated that due to the plasticity in individual coloration and lack of meristic variation in Gnatholepis morphology, molecular data would be required for a definitive assessment of species number and identity.
This study seeks to determine the relationships and species boundaries within Gnatholepis using DNA sequence data, with comparison to morphological characters. The species G. thompsoni, G. scapulostigma, G. anjerensis, G. davaoensis and G. sp . were sequenced; G. gymnocara was not sequenced but was examined for morphology. All of the above listed species are found in the Pacific and/or Indian Oceans with the exception of G. thompsoni, which is known from the Caribbean and Western Atlantic. Dense sampling of individuals was used within the most widespread Indo-Pacific species, G. scapulostigma and G. anjerensis, in order to quantify species boundaries and evaluate the correspondence of previously described morphological characters with the molecular data. Among Pacific species, different authorities recognize various species and synonymies. Traditionally, the morphological character used to distinguish G. scapulostigma from other species is the presence of a spot on the shoulder, just dorsal to the pectoral fin base, either entirely black or in the form of a black ring with a pale centre. Gnatholepis scapulostigma possesses the spot, and G. cauerensis lacks it (Lieske & Myers, 1999; Akihito et al., 2002) . However, Myers (1999) indicated that both G. scapulostigma and G. cauerensis possessed the shoulder spot, and only G. anjerensis lacked it. Allen (1997) included only G. scapulostigma and indicated that it possesses the shoulder spot. Randall (1983 Randall ( , 1995 regarded G. anjerensis and G. cauerensis (both without spot) as synonyms, and Randall, Allen & Steene (1997) indicated that G. scapulostigma possesses the spot, and that G. inconsequens is a junior synonym. Hoese (1986) treated the South African Gnatholepis species simply as G. sp. 1 and G. sp. 2, distinguished by the counts of pectoral fin rays, number of scales in longitudinal series, and the anterior extent of cheek scalation.
In the preliminary review of Randall & Greenfield (2001) , five species were treated: G. anjerensis, G. cauerensis (with four subspecies), G. davaoensis, and the new species G. gymnocara and G. sp. Randall & Greenfield (2001) considered G. anjerensis and G. cauerensis to be distinct species, and G. scapulostigma and G. inconsequens Whitley, 1958 , to be synonyms of G. cauerensis. Randall & Greenfield (2001) did not use the shoulder spot as a species-diagnostic character; instead, they used the modal pectoral fin ray count (modal count is 16 in their G. anjerensis vs. 17, 18 or 19 for their subspecies of G. cauerensis, but ranges of counts overlap) and the extent and position of a stripe of pigment dorsal to and between the eyes. Under their species categories, G. anjerensis has an incomplete interorbital bar positioned slightly posterior of the centre of the pupils. Gnatholepis anjerensis was described as having the shoulder spot, although the spot is not present in the illustration of the neotype, and is variably present or absent in other examples of G. anjerensis (Randall & Greenfield, 2001 : plate 1). The spot is also variably present or absent in their four subspecies of G. cauerensis; their diagnostic character for this species is the presence of a complete interorbital pigment bar positioned directly dorsal to the pupils of the eyes. Randall & Greenfield (2001) additionally indicated that the Atlantic G. thompsoni could not be distinguished morphologically from Pacific G. cauerensis, but refrained from synonymizing the two pending a comparison of their DNA. Winterbottom & Emery (1986) also indicated that they could not separate G. thompsoni from their Gnatholepis material from the Chagos Archipelago. Most meristic and morphological characters are stable among Gnatholepis species; the aim of this study is to use DNA sequence data as another source of information regarding Gnatholepis relationships and species boundaries, and then re-evaluate some previously postulated species-diagnostic characters in light of the new phylogeny.
MATERIAL AND METHODS

DNA SEQUENCE
Gnatholepis for DNA analysis were collected using SCUBA, hand nets and quinaldine from 35 sites in the Society Islands, Tuamotu Archipelago, Cook Islands, Fiji and Hawaii, at depths ranging between 1 and 23 m. Figure 1 shows the localities for all the individuals examined for this study, and sites from which samples used in DNA analysis were taken are indicated with arrows. Gnatholepis were invariably found . The heavy and light strands were sequenced separately. The resultant chromatograms for the heavy and light strands were reconciled using SEQUENCHER (GeneCodes Corp.) to check basecalling, and aligned with respect to the translated to amino acid sequence using the mammalian mtDNA code. The alignment was trivial because most of the amino acids were conserved; no gaps were inserted in the sequences. Aligned nucleotide sequences were exported as NEXUS files for analysis using the parsimony criterion with PAUP* version 4.0b8 (Swofford, 2001) . Due to the size of the data set and the high ratio of terminals to informative characters (246 of 498 characters were parsimony-informative), a heuristic search was performed, and 10 000 most parsimonious trees were saved. A strict consensus of these shortest trees was constructed. The related species, Awaous guamensis and Stenogobius hawaiiensis (GenBank accession numbers AF391482 and AF391493), were included and designated as outgroups. A previous study (Thacker, 2003) showed that these two genera are closely related to Gnatholepis. Decay indices (Bremer, 1988) were calculated with PAUP* and TREEROT v.2 (Sorenson, 1999) . DNA sequences for all specimens were deposited in GenBank (accession numbers AF504305-7, AF537620-AF537863 and AY184836-AY184928). Comparisons of depth distributions were performed with the Mann-Whitney Utest, as implemented in STATISTICA for Macintosh, version 4.0 (Statsoft Corp.). 
. Many other locality records for Gnatholepis exist, but only specimens for whom identity has been confirmed by examination of morphology and/or DNA sequence are included in this figure.
MORPHOLOGY
Gnatholepis specimens in the collections of the Australian Museum, the Bishop Museum, the California Academy of Sciences, the United States National Museum of Natural History and the Natural History Museum of Los Angeles County were examined ( Fig. 1) for external morphology and coloration, specifically for the presence or absence and position of an interorbital pigment bar, a spot dorsal to the pectoral fin, and other pigmentation characters such as lateral blotches and lines, a horizontal slash on the cheek, and any spots or other pigmentation on the fins. Specimens of all Gnatholepis species treated by Randall & Greenfield (2001) were examined for morphology, including all of their holotypes (see Appendix for specimen list). Morphological characters were recorded from specimens of Gnatholepis collected from various Pacific and Caribbean localities; these specimens were also used for DNA sequencing.
RESULTS
DNA SEQUENCE
The strict consensus of most parsimonious trees inferred based on DNA sequence data was 1238 steps, with consistency index 0.356, retention index 0.946 and rescaled consistency index 0.337. The 349 Gnatholepis sampled from across the Pacific basin and Caribbean fall into several groups (Fig. 2) , and Bremer supports for nodes subtending species and deeper nodes are strong. The most basal Gnatholepis species is G. sp., a shallow, small-bodied species known from Northern Australia. It shares with G. gymnocara the lack of scales on the cheek, opercle and the median predorsal region of the nape, as well as the lack of enlarged teeth in the anterior portion of the lower jaw. The remainder of the individuals examined form three groups. The first consists of the two individuals of G. davaoensis, the second of individuals of G. scapulostigma and G. thompsoni (Clade I in Fig. 2) and the third of G. anjerensis individuals (Clade II of 
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featuring stands of dead coral and algae. Those in the clade sister to the Hawaii individuals occupied a very shallow habitat (less than 2 m), with mixed sand/ pavement substrate and also a great deal of rock, dead coral and algae. By the phylogenetic species concept, each of these three clades could be recognized as a distinct species (Mishler & Theriot, 2000; Wheeler & Platnick, 2000) . Examination of sequenced specimens for morphological characters that could be used to distinguish the Hawaii individuals from those in their sister clade, however, did not yield any such characters. Therefore, the clade containing Hawaii individuals plus those from Rarotonga and Moorea are treated as a single species, separate from G. anjerensis.
The species G. scapulostigma and G. thompsoni (Clade I), although diagnosable based on DNA data, are incompletely geographically segregated and also lack distinguishing morphological characters. Five of the 16 individuals in the G. thompsoni clade were sampled from the Caribbean; the other samples were collected from Rarotonga, Cook Islands, and Bora Bora, Tahaa and Moorea in the Society Islands.
MORPHOLOGY
All specimens used for DNA sequencing, plus others from museum collections, were examined for external morphology. Because of the stability in meristic characters, pigmentation patterns were emphasized as possible species-diagnostic markers. The coloration among Gnatholepis individuals was observed to vary widely; variable characteristics included the overall density of mottling, presence or absence of two to six fine lateral stripes, a vertical stripe on the cheek that crosses the suborbital horizontal bar, and a series of five to six large, lateral blotches, decreasing in size from anterior to posterior. The fin pigmentation also varied and included fins that were transparent, lightly mottled with fine pigment spots, densely marked with spots in the form of vertical stripes, or (anal and second dorsal fins only) clear with black distal edges. All of these characters varied continuously among specimens, with no combination unambiguously diagnosing any group. However, some generalizations could be made: G. anjerensis may attain a larger maximum size (the largest specimen encountered in this study was 51.1 mm SL; most G. scapulostigma range from 20 to 35 mm SL), tend to be more uniformly and darkly mottled than G. scapulostigma or G. thompsoni, and are more likely to exhibit some degree of spotting or mottling on the fins. Conversely, large lateral blotches and the series of fine lateral pigment lines are more common in G. scapulostigma and G. thompsoni, and these species are also often paler overall, with clear fins or soft dorsal and anal fins with distal black edges. Pigmentation characters were useful, however, in distinguishing G. davaoensis; this species consistently featured prominent dark spots on the anal fin. In live specimens, these spots are edged in red and alternate with rows of yellow spots (Randall & Greenfield, 2001) . Gnatholepis gymnocara and G. sp. (of Randall & Greenfield, 2001) were also confirmed to lack scales on the cheek, nape and opercle, and to lack enlarged teeth medially in the lower jaw.
The distribution of pigmentation characters among individuals was compared with the clades revealed by the molecular phylogenetic analysis. Individuals in clade I of the phylogeny (G. thompsoni and G. scapulostigma) both feature the presence of a pigment blotch at the shoulder; this blotch is lacking in clade II individuals. Gnatholepis inconsequens was considered a synonym of G. scapulostigma by Randall et al. (1997) . The holotype of G. inconsequens (AMS IB 3916) is badly stained green and it is not possible to identify whether or not it possesses the shoulder spot; otherwise, it does appear to correspond with G. scapulostigma and the synonymy of these two taxa is supported. Within clade II, individuals in the largest clade (G. anjerensis) did not have a shoulder spot, although the dorsal area did feature sparse dark freckling as well as orange spots in live individuals. The individuals from the Hawaii clade and its sister clade did have pigmentation on the shoulder but in the form of a dark horizontal stripe or streak, not a round spot. The differences in shoulder pigmentation are illustrated in Figure 3 ; these differences may also be observed in the many illustrations of Gnatholepis species presented in Randall & Greenfield (2001) .
The shoulder pigmentation character agrees with clades delineated in the molecular analysis, but these clades are not in agreement with the characters described in the preliminary review of Randall & Greenfield (2001) . In their review, the characters used to distinguish between G. anjerensis and G. cauerensis were the modal pectoral fin ray count and interorbital pigmentation: G. anjerensis was reported as having an incomplete black bar dorsally between the eyes, positioned slightly posterior to the centre of the pupils, whereas in G. cauerensis the bar was described as extending completely from one eye to the other across the top of the head, directly dorsal to the pupils (Table 1 ). In examination of both Gnatholepis from across the central Pacific and preserved museum Gnatholepis specimens, almost none of the specimens exhibited a complete interorbital bar, but positional differences in the pigment at the dorsal rim of the orbit were observed to vary as described by Randall & Greenfield (2001) . Individuals in the Clade I of Figure 2 have the shoulder spot and would be classified as G. thompsoni or G. scapulostigma. Of these 179 individuals, most (163/179 or 91%) had the pigment dorsal to the eyes present directly above the pupils, the character used by Randall & Greenfield (2001) The DNA phylogeny indicates that the presence or absence and configuration of shoulder pigmentation is the appropriate species-diagnostic character to use in delimiting Pacific individuals of Gnatholepis [excluding Gnatholepis davoensis, G. gymnocara and G. sp. of Randall & Greenfield (2001) ]. The morphology among widespread Pacific Gnatholepis varies extensively, and no other morphological characters were identified that could serve to conclusively differentiate these species. One ecological factor, habitat depth, does exhibit significant variation between the groups delineated by the shoulder spot character; those without the spot (G. anjerensis) or with a dash (Hawaiian samples and their sister clade) are generally found at depths shallower than 4 m, and those with the spot (G. scapulostigma) are generally found deeper than 4 m. The nonparametric Mann-Whitney U-test was used to determine whether or not a significant difference in depth distribution existed between G. anjerensis and G. scapulostigma; recorded depths were compared for the samples collected in this study, the museum samples examined and the pooled samples. In each case, the depth distributions were highly significantly different (P < 10 -7 ). Within the clade of individuals originally identified as Gnatholepis anjerensis is a clade including all of the individuals sampled from Hawaii and some of the individuals from Rarotonga, Cook Islands, and Moorea, Society Islands. These individuals are diagnosable morphologically by the presence of a dashshaped mark on the shoulder. The morphology of these individuals corresponds well to the description of G. knighti Jordan and Evermann, 1903 , also a shallow-water Gnatholepis species described from Hawaii (Jordan & Evermann, 1903) . The molecular and morphological evidence presented here indicates that . The meristic counts for these species overlap and there is a great deal of intra-and interspecific variation in colour pattern for most characters. The morphological character that distinguishes these species and accords with clades revealed in the DNA sequence analysis is the presence of a spot dorsal to the pectoral fin, with or without a pale centre (in G. scapulostigma and G. thompsoni), absence of such a spot (in G. anjerensis), or presence of a narrow dash-shaped mark dorsal to the pectoral fin (in G. knighti).
G. knighti is a valid species. The holotype of G. knighti (USNM 50653) is lost, but paratypes are still extant. Below, G. knighti is rediagnosed and a review of the type material is given.
SYSTEMATICS FAMILY GOBIIDAE GENUS GNATHOLEPIS BLEEKER, 1874
Gnatholepis Bleeker, 1874: 318. Described as a subgenus of Stenogobius. Type species Gobius anjerensis Bleeker, 1851, by original designation. JORDAN & EVERMANN, 1903: 204 (FIG. 2) G. anjerensis Randall & Greenfield, 2001 (part), Myers, 1999 . G. cauerensis Randall, 1983 Randall, , 1995 , Lieske and Myers, 1999 (part) .
GNATHOLEPIS KNIGHTI
Holotype: USNM 50653, lost.
Paratypes: AMNH 2294 (1) Table 2 . No additional characters were identified that could distinguish G. thompsoni from G. scapulostigma, in agreement with other studies (Winterbottom & Emery, 1986; Randall & Greenfield, 2001 ). Currently, G. thompsoni populations in the Pacific and Caribbean are separated by the isthmus of Panama and have been so for at least three million years (Marshall et al., 1979; Knowlton & Weigt, 1998) . However, it is not appropriate to assume that populations of G. thompsoni were sundered by the closure of the isthmus; Gnatholepis are not known from the Eastern Pacific (Fig. 1) , and sampling of DNA sequences for Gnatholepis from the Western Pacific, Indo-Pacific and (Ekman, 1953; White, 1994) . Confirmation of the shoulder spot as the species diagnostic character for G. scapulostigma and G. thompsoni, to the exclusion of G. anjerensis and other Gnatholepis species, contradicts the conclusions of Randall & Greenfield (2001) . They used the extent and position of the interorbital pigment to separate Pacific species, and identified four subspecies within one of their species based on modal differences in pectoral fin ray count. Randall & Greenfield's (2001) types, and other specimens for their nominal subspecies, would be classified differently if the presence or absence of the shoulder spot were used as the speciesdiagnostic character. Their G. anjerensis and G. c. cauerensis include individuals that would be classified as either G. anjerensis or G. scapulostigma, with different species boundaries. Randall & Greenfield's (2001) other subspecies of G. cauerensis (G. c. australis, G. c. hawaiiensis and G. c. pascuensis) would all be classified as G. scapulostigma based on the configuration of their shoulder pigment. Their G. c. australis is described as being very pale and lacking the shoulder spot, but examination of their holotype and other specimens reveals that the spot, although faint, is present. Two names have been used for widespread Pacific Gnatholepis species lacking the shoulder spot: G. anjerensis (Bleeker, 1851) and G. cauerensis (Bleeker, 1853) . The older name, G. anjerensis, takes priority, and identity of this species is confirmed by comparison with Randall & Greenfield's (2001) neotype, which lacks the shoulder spot.
In the widespread species of Gnatholepis, intraspecific variability has hindered attempts to delineate species based on morphological data. Among these species, meristic values overlap and pigment can exhibit large amounts of variation depending on the particular substrate conditions that the fish inhabit. For this situation, molecular data provide another source of evidence to delimit species boundaries. Although DNA sequence patterns are not practical for use as species identification markers under most circumstances, molecular data can be used in tandem with morphology where morphology may be contradictory or extremely labile. Wiens & Penkrot (2002) compared morphology and mitochondrial DNA data with regard to their utility in delimiting species boundaries in recently diverged species and found that mtDNA was preferred because of its faster rate of change. In this study, DNA sequence revealed two large groups of individuals within Gnatholepis; the corresponding morphological marker distinguishing these groups is the configuration of the shoulder spot. The new phylogeny also confirmed the distinctness of a third group, with dash-shaped shoulder pigment and corresponding to a species named in 1903: G. knighti.
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(1); Umboi Is., Papua New Guinea, USNM 297217 (1).
